Cell culture is an effective technology for taxol production. This paper discusses the effect of Taxus cell cultures on the 18S rRNA gene sequences based on the phylogenetic analysis of cultured T. chinensis cells and related species. The phylogenetic tree is reconstructed using the maximum parsimony method and the relative rate test to test the hypothesis of a molecular clock. The phylogenetic analysis indicates that cell culture changes the phylogenetic position of cultured T. chinensis cells. More than that, the 18S rRNA gene of cultured T. chinensis cells has a faster rate of substitution than that of T. chinensis. With T. media as reference, the divergence time of the cultured T. chinensis cells is 7 Ma (million years) more than that of the T. chinensis cells based on the 18S rRNA gene sequences.
Introduction
Taxol is a natural anticancer drug produced by Taxus species. The traditional production method, which draws taxol from the plants directly, has a low producing rate and destroys wild resources of Taxus. Tissue and cell culture is a kind of extremely effective technology for taxol production (Hirasuna et al., 1996) . The effect of cell culture on the chromosome in the cultural course of Taxus cells had been studied, and the results conflict with each other (Gu et al., 1991; Yang et al., 1994; Zhang et al., 1997; Yu et al., 1998; Wang et al., 2000a) . Here, we try to discuss the effect of cell culture on Taxus cells further based on the 18S rRNA gene sequences. The 18 rRNA is a highly conserved (least variable) gene. For this reason, genes that encode the rRNA (rDNA) are sequenced to identify an organism's taxonomic group, to calculate related groups, and to estimate rates of species divergence. Based on the phylogenetic analysis of cultured T. chinensis cells and related species, we will show the effect of the cell culture on the 18S rRNA gene sequences in the cultural course of T. chinensis cells.
Materials and Methods

Phylogenetic analysis
The species T. chinensis is 500 years old and from XianNing city. HG-1 are the cultured T. chi-0939Ð5075/2008/0100Ð0127 $ 06.00 " 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://www.znaturforsch.com · D nensis cells. The species T. media is the natural hybrid of T. cuspidate and T. baccata. We sequenced the 18S rRNA gene sequences of T. media, T. chinensis and HG-1 following the same protocol (Chaw et al., 1997; Sasaki et al., 2002) . They have been deposited at GenBank under accession numbers AY544989, AY544988, and AY679156, respectively. The 18S rRNA gene sequences of other species were retrieved from GenBank by the homology search program MegaBLAST (Altschul et al., 1990) as shown in Table I . These sequences are from Taxaceae, Pinaceae, Taxodiaceae, Cupressaceae, Cephalotaxaceae, Podocarpaceae, and Cycadaceae. C. taitungensis in Cycadaceae was used as an outgroup.
Sequences were aligned by T-COFFEE (Notredame et al., 2000) . The aligned sequences were 1,866 bp in length. A few areas of ambiguous alignment remained, and these regions and terminal priming sites (totaling 213 bp) were omitted for the phylogenetic analysis.
The close-neighbour-interchange (CNI) parsimony analysis was conducted using MEGA3 software (Kumar et al., 2004) . For the maximum parsimony (MP) method, the CNI search started with a tree generated by the random addition of sequences. This process was repeated 10 times to find the MP tree. These initial searches found 24 trees. To assess the support for the inferred rela-tionships, bootstrap analysis with 1,500 replicates was conducted.
Test of molecular clock hypothesis
The constancy of the molecular evolutionary rate was assessed using the relative rate test (Sarich and Wilson, 1973; Wu and Li, 1985; Li and Tanimura, 1987; Robinson et al., 1998) in PHYL-TEST software (Kumar, 1996) and the distance estimation method was Kimura 2-parameter (Kimura, 1980) . In the test, the constancy of the molecular evolutionary rate was examined for two lineages when an outgroup lineage was given. If L a and L b are the averages of observed numbers of substitutions per site (branch lengths) from the common ancestor of clusters A and B, then L a = L b is the null hypothesis under the constancy of molecular clock, i.e., δ = L a Ð L b = 0. It is clear that δ will become negative if lineage A is evolving slower than B. Because the variance of δ can be estimated, we could test the deviation of δ from 0 by a two-tailed normal deviate test. The sequences that did not satisfy the hypothesis of a molecular clock for the data set in Table I at 5% level were eliminated. Then, a tree was constructed for a given topology for the remaining sequences under the assumption of rate constancy using the UPGMA method in MEGA3 software (Kumar et al., 2004) with 2,000 replicates of bootstrap analysis and the nucleotide substitution model was the Kimura 2-parameter. This tree was called a linearized tree (Takezaki et al., 1995) . Based on the divergence time between Pinus and Larix of 140 Ma (Savard et al., 1994; Wang et al., 2000b) , the linearized tree was used for estimating the divergence time for pairs of sequences.
Results
Phylogenetic analysis
The close-neighbour-interchange searches found 24 maximum parsimony trees [consistency index (CI) = 0.775; retention index (RI) = 0.834]. The strict consensus of the 24 trees is shown in Fig. 1 .
As shown in Fig. 1 , using C. taitungensis as outgroup, all species fell into 5 major clades: a clade of Podocarpaceae, a clade of Pinaceae (bootstrap value = 100%), a clade of Taxaceae (bootstrap value = 100%), a clade of Cephalotaxaceae + Torreya + Amentotaxus (bootstrap value = 100%) and a clade of Taxodiaceae + Cupressaceae (bootstrap value = 100%); support for Nageia + Dacrycarpus is 100%, support for Larix + Abies is 100%, and support for Torreya + Amentotaxus is 83%.
HG-1 fell into the Taxaceae clade, and it is the sister to T. chinensis + T. mairei with a bootstrap support equal to 50%.
Test of molecular clock hypothesis
With C. taitungensis used as the reference taxon, the result of relative rate test is listed in Table II . The negative value indicating the taxon on the left side of the pairwise comparison has a slower rate of substitution, while a positive value indicates a faster rate of substitution. It is clear that HG-1 only satisfies the hypothesis of molecular clock with T. media at 5% level. In part E of Table II , the lineages HG-1/T. mairei and HG-1/T. chinensis do not satisfy the constancy of evolutionary rates for the Z-statistic's values which are 30.4473 and 2.43587, respectively; they are greater than the Z-statistic's critical value for the 2-tailed test while pin1, larix, nagi, dacry, chinensis, mairei, and hg denote P. wallichiana, L. leptolepis, N. nagi, D. imbricatus, T. chinensis, T. mairei, respectively . 2. The letter "y" indicates that the two taxa passed the Z-test at 5% level and satisfied the hypothesis of a molecular clock for the data set at 5% level, while the letter "n" indicates the opposite. 3. The reference taxon is C. taitungensis. b δ is the difference of the branch lengths from the common ancestors, and its standard error is given. 
Discussion
As for the clade of Podocarpaceae, the phylogenetic sequences analyses of the mitochondrial ribosome subunit RNA, the nucleus ribosome subunit RNA gene, and chloroplast rbcL gene (Chaw et al., 2000) , the cladistic analysis of matK gene (Wang and Shu, 2000) , and the phylogenetic analyses of chloroplast rbcL gene sequences and trnLtrnF intergenic spacer sequences (Wang et al., 2002) all suggest that Dacrycarpus, Nageia and Podocarpus form a monophyletic group. Cephalotaxus has been taken as a genus of Taxaceae for its close relationship to Taxaceae, and now it has been taken as Cephalotaxaceae (Fu, 1984; Wang and Shu, 2000) . It is worth to note the clade of Taxodiaceae + Cupressaceae. Although Taxodiaceae and Cupressaceae had been taken as different families according to their dissimilarities in morphology and anatomy, many researches indicated that they form a monophyletic group and should be treated as a family (Hart, 1987; Brunsfeld et al., 1994; Stefanovic et al., 1998; Gadek et al., 2000; Kusumi et al., 2000) . Thus, the phylogenetic relationship shown in Fig. 1 is in agreement with previous results.
We can conclude that cell culture changed the phylogenetic position of HG-1 of Fig. 1. In Fig. 1 , HG-1 forms a single branch rather than to cluster together with T. chinensis. More than that, HG-1 has a faster rate of substitution than T. chinensis for δ HG-1/T. chinensis Ͼ 0 as shown in Table II . In fact, we can deduce that the rate of substitution is HG-1 Ͼ T. media Ͼ T. mairei Ͼ T. chinensis from Table II . It is obvious that cell culture makes the evolution of HG-1 faster.
In addition, the fact that HG-1 dissatisfies the hypothesis of a molecular clock with T. chinensis at 5% level as shown in Table II also makes clear that cell culture has an effect on the evolution of 18S rRNA gene of T. chinensis despite the 18S rRNA is the most conserved gene. This effect will be discussed further. As shown in Fig. 2 , the divergence times of T. chinensis and HG-1 from T. media are 24.72 Ma and 31.81 Ma, respectively. It is clear that the divergence time of HG-1 is 7 Ma more than that of T. chinensis with T. media as reference. This effect occurred in cell culture.
